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(57) Abstract 



TTie contrast of an electroluminescent display using an organic EL layer (6) is improved by using a circular polariscr (14) in front 
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Title of the Invention 
HIGH CONTRAST ELECTROLUMINESCENT DISPLAYS 

Field of the Invention 

The field of the invention relates to the use of organic light 
emitting diodes in displays. 

Background to the Invention 

The most popular flat panel display technology currently in use 
is based on liquid crystal devices, which are effectively light 
shutters used in combination with illumination sources. One of 
the particular advantages of liquid crystal displays is that the 
power required to switch the light shutters on and off is 
relatively low and if the light source used to provide 
illumination is an ambient one as used in reflective LCD 
technology, then overall power consumption for the display can 
be very low. Therefore the technology has great potential for 
low power portable applications e.g. personal organisers. There 
are two problems, however. One is the poor angle of view, though 
for portable applications this is not typically a severe 
constraint. More importantly, the ability to get full colour 
displays at reasonable contrast is very limited in reflective 
displays . 

Organic electroluminescent devices are made from materials that 
emit light when a suitable voltage is applied across electrodes 
deposited on either side of the organic material. One class of 
such materials is semiconduct ive conjugated polymers which have 
been described in our earlier Patent US 5,247,190, the contents 
of which are herein incorporated by reference. The power 
requirements, however, of conjugated polymer EL devices in commcn 
with other emissive technologies are all relative high compared 
to reflective LCD. 

The readability of a display depends on many factors but contrast 
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and brightness are the most important. A display can be bright, 
but not easily readable because the contrast with respect to the 
non-display area is poor. This can certainly be the case in high 
ambient light conditions, where reflection of light from both 
display and non-display areas reduces the contrast of the 
display. This problem is most common in dynamic displays, i.e. 
in those displays where certain areas may be switched on or off 
depending on the nature of the information to be displayed. 
Conversely a display with high contrast in high ambient light 
conditions can be readable at a relatively low brightness. 

Summary of the Invention 

The aim of the present invention is to provide improved contrast 
monochrome and colour displays with low power requirements that 
are suitable for portable display applications, and therefore 
solve the problems described above . 

The contrast in organic EL displays can be improved, allowing a 
reduction in brightness requirements and therefore power for a 
given readability, by the use of a circular polariser. 

This is placed in front of a display which has a reflective back 
electrode surface and light that passes through the polariser and 
is then reflected off the back electrode surface is then 
completely absorbed by the polariser. The polariser allows 
transmission of a particular "handedness" of either left-handed 
or right-handed, but on reflection from a metallic surface this 
handedness is reversed - such a polariser placed in front of a 
metallic reflector will cause the reflector to appear dark (see 
Hecht and Zajac or other standard text on Optics and Flat-Panel 
Displays and CRTs ed by L . Tannas , Van Nostrand Reinhold p. 45) . 
If all the ambient light can be absorbed in this way, much lower 
brightnesses are needed by the display for a given readability, 
thus saving power. The extent to which this can be achieved is 
limited by principally three effects. Firstly off -axis light 
will not be completely circularly polarised, and therefore will 
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not be completely absorbed on reflection. However, for many 
portable applications, reflected ambient light will only be 
problematic typically to the extent that it is on axis (this is 
a function of the normal viewing arrangement for hand-held 
devices). Secondly if there is a depolarising element (e.g. 
biref ringent medium) between the circular polariser and the rear 
electrode this will reduce the elimination effect. For on axis 
light thin organic films can be regarded as isotropic and 
therefore have minimal effect. Finally unwanted reflections from 
surfaces between the polariser and the rear reflector will not 
undergo the full elimination effect. Antiref lection coatings can 
be used on the polariser to reduce the reflection at this 
interface. The other main interface for reflections is between 
the transparent conductive electrode (normally indium tin oxide - 
ITO) and the transparent substrate (typically glass or plastic) , 
and the organic layer (s) and the ITO. 

The present invention provides an electroluminescent display, 
comprising; an organic light-emitting device including at least 
one layer of an organic material for emitting radiation of at 
least one colour arranged between first and second conductive 
layers which act as electrodes for said light-emitting device, 
and having a light reflective surface behind the surface of said 
at least one light -emissive layer opposed to a transparent 
viewing surface of said light -emitting device; and a circular 
polarizer disposed in front of the viewing surface of said light- 
emitting device. 

Preferably, said electroluminescent display further comprises a 
substrate on which said light-emitting device is disposed. 

In one embodiment, said substrate comprises said circular 
polarizer . 

In another embodiment, said circular polarizer is disposed m 
front of the surface of said substrate opposed to said surface 
on which said light -emitting device is disposed. 
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In a yet further embodiment, said circular polarizer is disposed 
on the surface of said substrate opposed to said surface on which 
said light-emitting device is disposed. 

Preferably, said first conductive layer is light transmissive . 

More preferably, said first conductive layer comprises indium- tin 
oxide . 

Preferably, said second conductive layer comprises aluminium. 

Preferably, at least one of said first and second conductive 
layers is patterned. 

In one embodiment, said second conductive layer provides said 
light reflective surface. 

In another embodiment, said light -emitting device further 
includes a layer of a light reflecting material disposed behind 
the surface of said second conductive layer opposed to said at 
leasL one light-emissive layer, said light reflecting layer 
providing said light reflective surface. 

Preferably, said light-emitting device further includes a layer 
of an insulating material disposed between said second conductive 
layer and said light reflecting layer. 

Preferably, said light reflecting layer comprises aluminium. 

Preferably, said insulating layer comprises metal oxide. 

More preferably, said insulating layer comprises aluminium oxide. 

Preferably, said light -emitting device includes a plurality of 
layers of organic light-emissive material. 

Preferably, said light -emissive material comprises a light- 
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emissive polymer. 

Preferably, said substrate comprises a glass or a plastics 
material . 

Preferably, the numerical difference in the refractive indices 
of the materials of said substrate, said at least one light- 
emissive layer and said first conductive layer is not more than 
0.3. 

Preferably, the refractive indices of the materials of said 
substrate, said at least one light -emissive layer and said first 
conductive layer are similar - 

Preferably, the refractive index of said substrate is from 1.4 5 
to 2.00, the refractive index of said at least one light -emissive 
layer is from 1.6 to 2.3 and the refractive index of said first 
conductive layer is from 1.5 to 2.5. 

Preferably, the refractive index of said substrate is from 1.45 
to 1.65, the refractive index of said at least one light -emissive 
layer is from 1.6 to 2.3 and the refractive index of said first 
conductive layer is from* 1.5 to 2.5. 

Preferably, the refractive index of said substrate is from 1.4 5 
to 1.65, the refractive index of said at least one light -emissive 
layer is from 1.6 to 2.3 and the refractive index of said first 
conductive layer is from 1.7 to 2.0. 

Preferably, the refractive index of said substrate is about 1.5, 
the refractive index of said at least one light -emissive layer 
is about 1.7 and the refractive index of said first conductive 
layer is from 1.5 to 1.8. 

Preferably, the refractive index of said substrate is about 1.5, 
the refractive index of said at least one light-emissive layer 
is about 1.7 and the refractive index of said first conductive 
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layer is from 1.7 to 1.8. 

Preferably, said light-emitting device further includes a layer 
of non-electroluminescent material disposed between said first 
conductive layer and said at least one light -emissive layer. 

In one embodiment; the electroluminescent display further 
comprises a filter disposed in front of the viewing surface of 
said light -emitting device for allowing transmission of radiation 
from said at least one light-emissive layer and absorbing ambient 
light from outside of the spectral band of said radiation. 

In another embodiment, said substrate comprises a filter for 
allowing transmission of radiation from said at least one light- 
emissive layer and absorbing ambient light from outside of the 
spectral band of said radiation. 

Preferably, said circular polarizer includes an anti-reflection 
coating on the viewing surface thereof. 

Preferably, not more than 1% of on-axis ambient light is 
reflected . 

More preferably, not more than 0.4% of on-axis ambient light is 
reflected. 

Preferably, the ratio of the emissive brightness of said display 
to the ambient illuminance is 1 : 10. 

Preferably, the output brightness of said light -emit ting device 
is not more than 10 cd/m^ . 

More preferably, the output brightness of said light-emitting 
device is not more than 1 cd/m^. 
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In one embodiment of the invention, an organic electroluminescent 
display requiring low power to achieve good readability in 
typical indoor and outdoor light conditions is provided, 
comprising a circular polariser in combination with an organic 
electroluminescent device to increase the contrast of the organic 
electroluminescent device where the metallic cathode of the 
display provides the reflecting surface required for good 
contrast . 

In another embodiment of the invention an organic 
electroluminescent display requiring even lower power to achieve 
good readability in typical indoor and outdoor light conditions 
is provided; comprising an organic electroluminescent display as 
described in the previous aspect where the refractive index of 
the transparent electrode layer is chosen to reduce reflections 
between the transparent electrode and the transparent substrate, 
and the organic electroluminescent layer and the transparent 
conducting layer. In a particular embodiment it is chosen to be 
between the index of the transparent substrate and the index of 
the organic layer. For complete elimination of reflection at 
these interfaces all three refractive indices are identical. 

In another embodiment of the invention an organic 
electroluminescent display requiring yet even lower power to 
achieve good readability in typical indoor and outdoor light 
conditions is claimed, comprising an organic electroluminescent 
display as described in the previous aspect together with a 
filter placed in front of the transparent substrate that allows 
transmission of the electroluminescence from the organic 
electroluminescent device, but absorbs ambient light outside this 
electroluminescent spectral band. 

An embodiment that provides a simplification of the structure is 
possible by deposition of the transparent conducting electrode 
layer directly on the polariser - i.e. the polariser is used as 
the substrate. 
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An embodiment utilises a light emitting polymer as the organic 
electroluminescent layer . 

An embodiment utilises two or more organic layers between the 
electrodes of the electroluminescent device, with small 
refractive index different between the organic layers. 

An embodiment utilises two or more organic layers between the 
electrodes of the electroluminescent device, with small 
refractive index difference between the organic layers, and with 
a non-electroluminescent layer in contact with the transparent 
conductive electrode . 

An embodiment utilises a separate reflector placed behind the 
cathode, such that if any of the cathode is patterned, the light 
is still reflected from the areas without the cathode layer. 

For a better understanding of the present invention and to show 
how the same may be carried into effect, reference will now be 
made by way of example to the accompanying drawings. 

Brief Description of th e Drawings 

Figure 1 shows an LEP (light emitting polymer) display with 

a circular polariser; 

Figure 2 shows the light reflections in a device; and 
Figures 3a and 3b are side and front views of a low power 

display . 

A light emitting polymer device that is designed to have good 
visibility at low power consumption in high ambient light 
conditions is shown in Figures 1 to 3 . Figure 1 illustrates a 
device structure comprising an aluminium cathode 2 acting as a 
back electrode and a transparent anode for example of indium tin 
oxide 4 acting as a front electrode. Between the front and back 
electrodes 2,4 is arranged one or more polymer layer 6, for 
example of a semiconduct ive conjugated polymer of the type 
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described in US 5,247,190. The back electrode 2 can also carry 
a layer of insulator 8 such as aluminium oxide. If the cathode 
2 is wholly reflective to light incident on the front surface of 
the display, then that would complete the device structure. 
However, if the cathode is not reflective, an additional 
reflective layer 10 may be provided, for example of aluminium. 
A transparent substrate 12, for example of glass, lies adjacent 
the front electrode 4. As a matter of practice, the device 
structure can be fabricated by starting from the glass substrate 
12 and depositing subsequent layers 4,6,2,8 and, optionally, 10 
subsequently. Other methods of manufacture are possible. 

Reference numeral 14 denotes a circular polariser which is placed 
in front of the glass substrate 12. The effect of the circular 
polariser can be seen by considering the arrows denoting 
transmitted, reflected and emitted light. The arrow denoted 
denotes transmitted ambient light incident on the front surface 
of the display. The arrow L^, denotes ambient light which is 
reflected from the display and which is blocked by the circular 
polariser. The arrow denotes light emitted from the display 
which is not blocked by the circular polariser. Thus, the 
contrast of the display is increased. 

In Figure 2, n^, n^^ and n3 denotes the refractive indices 
respectively of the glass substrate 12, the transparent front 
electrode 4, and the polymer layer or layers 6. Typically: 

n^ = 1.5 
n. = 1.7 
n3 = 1.7. 

Reference numeral 20 indicates arrows which indicate unwanted 
reflections from the interface between the transparent front 
electrode and the polymer layer. Reference numeral 3 0 denotes 
arrows which indicate unwanted reflections from the interface 
between the glass substrate and the transparent front electrode. 
Reference numeral 40 denotes reflections from the back electrode 
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2. Reference numeral 16 denotes an ant iref lection coating placed 
on the viewing surface of the glass substrate 12. In the display 
of Figure 2, the indium tin oxide layer 4 is interrupted to 
provide individually actuatable regions of the display. The size 
and function of these regions can vary, but in many displays the 
interruption of the indium tin oxide layer will define pixels for 
the display. In Figure 2, there are thus indicated two separate 
regions of the display A and B. Region A represents the area 
where the indium tin oxide layer is present and region B 
represents the part of the display where the indium tin oxide 
layer has been interrupted. 

In region A, it can be calculated that the unwanted reflections 
are represented by the following equation: 

(n. - n J^ + I 1 - 1112 ' I ln2_:^3l' 

(n^ + n2)^ I (Hi + nj)' I {n^ + nj)' Equation 1 

In region B, the unwanted reflections can be represented by the 
following equation: 

(n, - n j^ 

(n, + n3)' Equation 2 

With the values for the refractive indices given above, the level 
of unwanted reflections is about 0.4%. 

For an ambient luminance of lOOcd/sqm, typical for ambient indoor 
conditions {either daylight or natural lighting) , and assuming 
an emission brightness of Icd/sqm (i.e. lOOx smaller than that 
which would be generally acceptable for indoor daylight viewing) , 
the maximum allowed reflection of on-axis ambient light should 
be 1%. With a refractive index of glass of n=1.5, and of the 
polymer n=1.7, then the index of the ITO for <l% reflectivity is 
n=1.5-1.8, though for reasonable conductivity n=1.7 is a 
practical minimum value. With an LEP power efficiency of 5%. and 
at wavelengths close to 550nm, the light output brightness of 
icd/sqm corresponds to an output power of about 5mW/sqm (assuming 
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lambertian emission) and therefore an electrical power 
requirement of lOOmW/sqm. For a 4x4cm display shown in Figures 
3a and 3b this corresponds to - 1.5mW. At 5V drive this power 
can be supplied for over 3 00 operating hours from an appropriate 
thin profile lOOmAhr battery (e.g. the kind of capacity provided 
by watch or camera batteries) , or for over 3000 operating hours 
from a lAhr battery (e.g. the kind of capacity provided by mobile 
phone batteries) - assuming of course little battery drain from 
other electronic functions. 
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CLAIMS : 

1. An electroluminescent display, comprising: 

an organic light -emitting device including at least one 
layer of an organic material for emitting radiation of at least 
one colour arranged between first and second conductive layers 
which act as electrodes for said light -emitting device, and 
having a light reflective surface behind the surface of said at 
least one light -emissive layer opposed to a transparent viewing 
surface of said light-emitting device; and 

a circular polarizer disposed in front of the viewing 
surface of said light-emitting device. 

2. An electroluminescent display according to claim 1, further 
comprising a substrate on which said light -emitting device is 
disposed . 

3. An electroluminescent display according to claim 2, wherein 
said substrate comprises said circular polarizer. 

4. An electroluminescent display according to claim 2, wherein 
said circular polarizer is disposed in front of the surface of 
said substrate opposed to said surface on which said light- 
emitting device is disposed. 

5. An electroluminescent display according to claim 2, wherein 
said circular polarizer is disposed on the surface of said 
subsnrate opposed to said surface on which said light -emitting 
device is disposed. 

6. An electroluminescent display according to any of claims 1 
CO S, wherein said first conductive layer is light transmissive . 

7. An electroluminescent display according to claim 6, wherein 
said first conductive layer comprises indium-tin oxide. 

8. An electroluminescent display according to any of claims 1 
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to 7, wherein said second conductive layer comprises aluminium. 

9. An electroluminescent display according to any of claims 1 
to 8, wherein at least one of said first and second conductive 
layers is patterned. 

10 . An electroluminescent display according to any of claims 1 
to 9, wherein said second conductive layer provides said light 
reflective surface . 

11. An electroluminescent display according to any of claims 1 
to 9, wherein said light-emitting device further includes a layer 
of a light reflecting material disposed behind the surface of 
said second conductive layer opposed to said at least one light - 
emissive layer, said light reflecting layer providing said light 
reflective surface . 

12. An electroluminescent display according to claim 11, wherein 
said light-emitting device further includes a layer of an 
insulating material disposed between said second conductive layer 
and said light reflecting layer. 

13. An electroluminescent display according to claim 12, wherein 
said light reflecting layer comprises aluminium. 

14. An electroluminescent display according to claim 12 or 13, 
wherein said insulating layer comprises metal oxide, 

15. An electroluminescent display according to claim 14, wherein 
said insulating layer comprises aluminium oxide. 

16. An electroluminescent display according to any of claims l 
to 15, wherein said light -emitting device includes a plurality 
of layers of organic light -emissive material. 

17. An electroluminescent display according to any of claims 1 
to 16, wherein said light -emissive material comprises a light- 
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emissive polymer. 

18. An electroluminescent display according to any of claims 2 
to 17, wherein said substrate comprises a glass or a plastics 
material . 

19. An electroluminescent display according to any of claims 2 
to 18, wherein the numerical difference in the refractive indices 
of the materials of said substrate, said at least one light- 
emissive layer and said first conductive layer is not more than 
0.3. 

20. Pill electroluminescent display according to any of claims 2 
to 18, wherein the refractive indices of the materials of said 
substrate, said at least one light -emissive layer and said first 
conductive layer are similar. 

21. An electroluminescent display according to any of claims 2 
to 18, wherein the refractive index of said substrate is from 
1.4 5 to 2.00, the refractive index of said at least one light - 
emissive layer is from 1.6 to 2.3 and the refractive index of 
said first conductive layer is from 1.5 to 2.5. 

22. An electroluminescent display according to any of claims 2 
to IB, wherein the refractive index of said substrate is from 
1.45 to 1.65, the refractive index of said at least one light- 
emissive layer is from 1.6 to 2.3 and the refractive index of 
said first conductive layer is from 1.5 to 2.5. 

23. An electroluminescent display according to any of claims 2 
to 18, wherein the refractive index of said substrate is from 
1.45 to 1.65, the refractive index of said at least one light- 
emissive layer is from 1.6 to 2.3 and the refractive index of 
said first conductive layer is from 1.7 to 2.0. 

24. An electroluminescent display according to any of claims 2 
to 18, wherein the refractive index of said substrate is about 
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1.5, the refractive index of said at least one light -emissive 
layer is about 1.7 and the refractive index of said first 
conductive layer is from 1.5 to 1.8. 

25. An electroluminescent display according to any of claims 2 
to 18; wherein the refractive index of said substrate is about 
1.5, the refractive index of said at least one light-emissive 

layer is about 1.7 and the refractive index of said first 
conductive layer is from 1.7 to 1.8. 



26. An electroluminescent display according to any of claims 2 
to 25, wherein said light-emitting device further includes a 
layer of non-electroluminescent material disposed between said 
first conductive layer and said at least one light-emissive 
layer. 

27. An electroluminescent display according to any of claims 1 
to 26, further comprising a filter disposed in front of the 
viewing surface of said light-emitting device for allowing 
transmission of radiation from said at least one light-emissive 
layer and absorbing ambient light from outside of the spectral 
band of said radiation. 



28. An electroluminescent display according to any of claims 2 
to 26, wherein said substrate comprises a filter for allowing 
transmission of radiation from said at least one light-emissive 
layer and absorbing ambient light from outside of the spectral 
band of said radiation. 



29. An electroluminescent display according to any of claims 1 
to 28, wherein said circular polarizer includes an anti- 
reflection coating on the viewing surface thereof. 



30. An electroluminescent display according to any of claims 1 
to 29, wherein not more than 1% of cn-axis ambient light is 
reflected . 
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31. An electroluminescent display according to any of claims 1 
to 29, wherein not more than 0.4% of on-axis ambient light is 
reflected . 

32. An electroluminescent display according to any of claims 1 
to 31, wherein the ratio of the emissive brightness of said 
display to the ambient illuminance is 1 : 10. 

33. An electroluminescent display according to any of claims 1 
to 32, wherein the output brightness of said light-emitting 
device is not more than 10 cd/m^ . 

34 . An electroluminescent display according to any of claims 1 
to 32, wherein the output brightness of said light-emitting 
device is not more than 1 cd/m^. 

35. An electroluminescent display substantially as hereinbefore 
described with reference to the accompanying drawings. 
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